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Objectives

° To develop the mass spectrometric techniques required for the precise

determination of Molybdenum (Mo) isotopic composition, using a double

spiking technique to correct for instrumental mass fractionation.

° To ascertain whether Mo isotopes can be fractionated by natural processes by

applying mass spectrometric techniques (see #1) to measure the isotopic

composition of Mo separated from a variety of natural materials.

I have been working towards achieving both objectives during year 1 of this project.

Significant progress has been made in both areas. Work on each objective is
described in turn below.

Objective 1Mo Mass Spectrometry. We have successfully implemented a method

for Mo isotopic analysis by negative thermal ionization mass spectrometry (NTIMS).

The method is based on the work of Koppe and Heumann (1988), but we have

modified the method to allow Mo isotopic analysis on a single Pt filament rather

than a double filament configuration. In addition, we have also achieved enhanced

sensitivity by leaking oxygen into the source of the mass spectrometer. All work to

date has been performed using an electron multiplier in analog mode as the

detector. This configuration allows us to achieve precision of + 2-3 %o in measured

isotope ratios with total analyte on the order of 100 ng Mo. While this is a

significant achievement which allows high precision analyses of Mo concentrations

by isotope dilution, I do not believe this precision is adequate to achieve the

ultimate goal of identifying natural mass fractionation of Mo isotopes. Four

separate enriched Mo isotope spikes (94Mo. 95Mo, 97Mo and 98Mo) have been

purchased and prepared. These solutions will be used in our double spiking
method to correct for instrumental mass fractionation. The concentration and

isotopic composition of these has been determined by ICPMS. Finally, and perhaps

most importantly, we have demonstrated that Mo separated from natural waters

using ion exchange methods (described below) can be successfully analyzed by

NTIMS without any detectable interferences from the sample matrix.

Objective 2 Separation and analysis of Mo from natural samples. In parallel with

development of mass spectrometric methods for Mo isotopic analysis, we have

established procedures for Mo separation from natural waters as well as rock and

sediment samples. Separations from natural waters involves ion exchange

separation using and chelating ion exchange resin based on a method resurrected



from the late sixties (Riley and Taylor 1968). For sediment analyses a procedure

using anion exchange resins has been developed working from published data for

Mo distribution coefficients on anion exchange resin in nitric and hydrochloric

acids. Using the chelating resin procedure, we have generated Mo concentration

data from an equatorial Pacific seawater profile. These data show variations in Mo

concentration indicating active geochemical/biological cycling of Mo. Mo

concentration data are also required in order to properly spike addition splits of

these samples for high precision measurements of isotopic composition. We have

not yet conducted any systematic studies of Mo concentrations in sediments or

rocks, but several interesting samples are in hand and separation methods are

implemented.

Year 2 Work Plan: Initially the focus of effort in year two will be on further

refinement of mass spectrometric methods in order to achieve precision in all Mo

isotope ratio measurements which is better than ___0.5%0. Two problems must be

surmounted to achieve this goal.

First, we must refine our existing procedure to yield larger ion beams for

sample sizes on the order of 1 to 0.1 gg of Mo. The method we have developed

during year 1 is very sensitive, allowing analysis of only a few ng of Mo, but

maximum signal intensity does not scale linearly with the amount of total analyte.

Consequently, even with relatively large sample sizes, ion beam intensities are not

large enough to allow work on the faraday cup detection system. Shifting to the

faraday cup is required to achieve significant improvements in the precision of Mo

isotope ratio measurements We are continuing to explore different sample loading

configurations and running conditions to achieve this goal.

Second, a small but persistent background Ru signal is present in Pt filament

material from all vendors we have investigated thus far. Ru interferes directly on

Mo isotopes with mass number 100, 98 and 96; these interferences must be

eliminated to allow high precision Mo isotope ratio measurements of enough Mo

isotope ratios to accurately determine the Mo isotopic composition of natural

samples by the double spiking method. We are exploring alternative filament

materials, as well as different sources of Pt filament to eliminate this problem.

Once these problems are solved, the separation methods implemented during year 1

will allow us to move directly to high precision spike calibrations, and analyses of

natural water, sediment, rocks and material from bacterial cultures.



CERTIFICATION REGARDING

DEBARMENT, SUSPENSION, AND OTHER RESPONSIBILITY
PRIMARY COVERED TRANSACTIONS

MATTERS

This ccrd_c_don is required by. the regulations implementing F_xcc-adve Ordcr 12549,
Debarment and SuspcnsioR, 34 CFR Part 85, Section 85.510, Participant's

r_ponsibilidcs. The mgulmions wcr_ publishedas PartVII of theMay 26, 1988 _cr'a]
R_stcr (,pages19160-19211). Conics of theregulationsmay bc obtained by contacting

the U. S.Dcpartmcm of F.ducation"Grants and ContractsService,400 Maryland Avcnuc,

S. W. (Room 3633 GSA Regional OfficeBuilding No. 3),Washington, D. C__20202-

4725, telephone (202) 732-2505.

(I) The pmspccdvc primary participantcerdficsto thebestofitsknowlcdgc and belie',

thatitand itsprincipals:

(a)Arc not prescndy dcbarred,suspcndcd,proposed fordebarment, declared

ineligible.,or voluntarilycxcludcd from covcr_ transactionsby any Fcdcral

dcparm_nt or agency;,

Co) Have not within a thxte-ycar period preceding this prvposal been convic'_
of or had a civil judgtmm rendered against them for commission of fraud or a
criminal offense in connection with obmi.i.g, atmmpting to obtain, or performing a

public (Federal. Stat_ or loeaI) transaction or eomract under a public transaction;
violation of Federal or Stare antitrust smnm_ or commission of embemJcment.

theft, forgery, bribet'y, falsi£ication or destruction of records, making false
smtctmnm, or receiving stolen property;

(c) Art not _tly indictcd f_ or otherwise criminally or civilly charged by a
govcrnmcntal cntity (Federal, Stare or local) with commission of any of tim
offenses _ in paragraph (1)Co) of this ccrdiicatiom and

(d) Have not within a dn-e¢-ycar period preceding this apptieation/pmposal had

one or more public transactions (Federal State or local) terminated for cause or
dcfadt.

(2) Where the Frospective primary participant is unable to certify to any of the
statements in this certification, such prospective participant shall attach an explanation

to thisproposal

Woods Hole_hic Institution Dr. Gregory E. Ravizza

//lll_tution / Pnncipal Invcsugator

Maur_ce J. Tavardgg , Manager, Grant and Contract Services

N__ff Titlc_ Representanve
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CERTIFICATION REGARDING DRUG-FREE WORKPLACE REQUIREMENTS
GRANTEES OTHER THAN INDMDUALS

This c_rdficanon is r_Ittit_ by the regulations implcmcn=ng thc Drug-Fr_c Workplace Act of 1988,
34 C2=R Part 85, Subpm_ F. The r_guladon_ published in the January 31, 1989 _ requ_

c=xtification by grantees, prior to award, that they will ma/ntam a drug-flee worlq_La_. The ce=ILc'_on se_
out below is a material _tarion of fa_ upon which _Iiance will be placed when the agetmy
de_qnines to award the grant. False c_th"mmJou or violanon of the certificanon shall be gtmmds for
suspensionofpayment._ suspensionortermma_on ofgran_ or_ove=TunentwidesL_ension ordebarment

(_ee34 CFR Part85,S_=Jons 85.615and $5.620).

The grantee certifies that it will provide a drug-free workplace by:

(a) Publishing a s_ttm_ent notifying employees that the unlawful manufactm'_ d/smbudon.
dispensing. _on or use ofa c_mroUed substance is I_uCu_imd in the grantee's wor_tac= and
specifyingthe acdons that will be mk_n againstemployees forviolationof inch prohibition:

Co) Establishing a drug-fzee awareness program to inform employees aboutm
(1) The dangers _ drug abuse in the w_x_lac_
(2) The grant's policy of maintaining a drug-free workplac_
('3) Any available drug counseling, t_bililation, and employee assismnc_ !:_grams; and
(4) The penaltiesthatmay be imposed upon employees for drug abuseviolationsoc=mring inthe

woeW_x_

(c) Making it a n_lui_ment that each employee m be engaged in the per-formanc= of the grant be
givea a copy or"me_ _#_t by pangn_ (a):

(cO Nodfying the employee in the statemem requi._ by parag_h (a) that. as a c_dition of
em#oym=t tmd= tt_ gra_ the_ win-
(l) Abklebythet_msoftbesmmmem: and
(2) Notifytheemployer ofany _ drug statureconvictionfora violationoccurringinthe

wcdcpla_ no later than five days aft_ inch convictiom

(e) Notifying the agency within ten days after receiving notice trader subparagraph (d)(2) from an
employee or otherwise receiving actual nod_ of such conviction;

(O Taking one of the following action_ within 30 days of rece/ving notice un¢_ subl=rag_h (¢0(2),
with respect to any employee who is so ¢,o_ct_t.--
(1) Taking appropriate personnelactionagainst such an employee, up to and includLng

t_-rnination:or

(2) Requiring such employee to _ satisf_'uwily in a drug abuse ass_tanc_ of
rehabilitation program a_ f_" such purposes by a Federal Sta_ or localhealth,law

e=fforr_rmmL or other appmprim_

(g) Making a good faithefforttocontinuetomainta/na drag-freeworkpl,xm thrtmghimplementation

ofparagraphs(a).CO).(c).(d).(e)and (0.

Woods Hole Oceanographic Institution Dr. Gregory E. Ravizza

Insti71_ ) PrincipalInvestigator

_aurice J. Tav/a_es, Manager, Grant and Contract Services
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CERTIFICATION REGARDING LOBBYING

As required by S 1352 Tide 31 of the U.S. Code for persons entering into a grant or
cooperative agreement over $100,000, the applicant _cs that:

(a) No Federal appropriated funds have been paid or will be paid by or on behalf of the
undersigned, to any person for influencing or attempting to inIIuence an officar or
employee of any agency, a Member of Congress, in connce_on with making of any Fex!ezal
grant, the entering into of any cooperative, and the _on, continuation, renewal,
amendment, or modification of any _ grant or _tive agreemcn_

fb) If any funds other than Federal appropriated funds have been paid or will be paid to
any person for influencing or attempting an ottiecr or employee of any agency, Member of
Congress, an or an employee of a Member of Congress in connection with this Federal

grant or cooperative agreement, the undersigned shall complete Standard Form -I.LL,
"Disclosta_ Form to Report Lobbying," in accordance with its instructions.

(c) The undersigned shall require that the language of this certification be included in the
awant documents for all subawards at all tiers (including subgrants, contracts under grants

and cooperativeagreements,and subcontracts),and thatallsubrecipicntsshallcertifyand

discloseaccordingly.

This certification is a matmSal representation of fact upon which relianc_ was placed when
this n'ansaetion was made or entered into. Submission of this certification is a prcrequi_tc
for making ca'entering into this transaction imposed by S1352., title 31, U.S. Code. Any
IXn'sonwho failsto filethemquircd certificationshallbe subjecttoa civilpenaltyof not
lessthat$10,000 and not more than $100,000 for caeh such failure.
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